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Abstract. Spectroscopic observations obtained with the VLT of one planetary nebula (PN) in 
Sextans A and of Ave PNe in Sextans B and of several H II regions in these two dwarf irregular 
galaxies are presented. The extended spectral coverage, from 320.0 to 1000.0 nm, and the large telescope 
aperture allowed us to detect a number of emission lines, covering more than one ionization stage for several 
elements (He, O, S, Ar). The electron temperature diagnostic [O ill] line at 436.3 nm was measured in all six PNe 
and in several H n regions allowing for an accurate determination of the ionic and total chemical abundances by 
means of the Ionization Correction Factors method. For the time being, these PNe are the farthest ones where 
qq . such a direct measurement of the electron temperature is obtained. In addition, all PNe and H II regions were 

also modelled using the photoionization code CLOUDY (Ferland et al. 1199811 . The physico-chemical properties of 
l/^ , PNe and H II regions are presented and discussed. A small dispersion in the oxygen abundance of H n regions 

was found in both galaxies: 12 + log(O/H)=7.6±0.2 in Sextans A, and 7.8±0.2 in Sextans B. For the five PNe of 
Sextans B, we find that 12 + log(O/H)=8.0±0.3, with a mean abundance consistent with that of H n regions. The 
only PN known in Sextans A appears to have been produced by a quite massive progenitor, and has a significant 
nitrogen overabundance. In addition, its oxygen abundance is 0.4 dex larger than the mean abundance of H II 
regions, possibly indicating an efficient third dredge-up for massive, low-metallicity PN progenitors. The metal 
enrichment of both galaxies is analyzed using these new data. 
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C3 | 1. Introduction ably together with NGC 3109 and the Antlia galaxy, also 

, , . . . at a similar distance and location in the sky. Considering 

Sextans A and Sextans B are both dwarf irregular galaxies , n , r , -, £ i r ^ u 

n t j i t n r t t ! i • i -if the mean distance of the four galaxies from the barycen- 

(Ir V and fr IV- V morphological types, respectively cf. van , , , ^ n m\ i t -m i.v.- u 

\ „ . .,„„.,,. , r • -ii tre of the Local Group (LG), 1.7 Mpc, this sub-group is 

den Bergh 2000, hereafter vdBOO) with approximately the , , , , , r c ,. Tr , / , 

° . — '. ' . . located beyond the zero velocity surface of the LG (cf. 

same V luminosity and located at a very similar distance Jrinil i , , ., , , 

. J vdBOO) and can be considered the nearest external group 
(1.3 Mpc, Dolphin et al. 2003 for Sextans A and vdBOO c , . mi +i i i i 

\ „ „x m . . . of galaxies, ihen these galaxies are particularly mterest- 

lor Sextans B . Their separation m the sky is also rcla- . c , r n • i ,. i 

' ^ mg as they represent a group of dwarf galaxies relatively 

tively small (~ 10 degrees), which corresponds to about . , , , t ■ , , . 

iiii. i isolated from giant galaxies. 

280 kpc at the adopted distance. Moreover their veloc- 
ity difference is only 23 ±6 km s _1 . All these properties I n dlr galaxies, star formation is generally active, as 

suggest a common formation for these two galaxies, prob- shown by the conspicuous number of H II regions that 

they contain. There are several photometric and spectro- 
scopic studies of H II regions in both galaxies. Photometry 
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Based on observations obtained at the 8.2 m VLT telescope °LL n re g ionS in SextanS A waS °^f d by H ° dge 

(Paranal, Chile) operated by ESO (Proposal 072.B-0395) and tMZ^ , Apa ricio & Rodrfguez-Ulloa UMM, and Hodge 

at the 4.2 m WHT telescope (La Palma, Spain) operated by the et al. (1994), the latter one being the most comple te sur- 

Isaac Newton Group in the Spanish Observatorio del Roque de vey with 25 H II regions detected. Hunter et al. 1|1993[) 

Los Muchachos of the Instituto de Astrofisica de Canarias. studied large ionized gas structures outside normal H II 
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Fig. 1. VLT Ha - R images of Sextans A (left) and Sextans B (right). The f.o.v. is 2'x2'. The H n regions and 
PNe observed spectroscopically are indicated with their identification numbers as in Tab. Q] for H n regions and as in 
Magrini et al. (20(21 for PNe. 



regions, like shells and filaments generated by the action 
of massive stars through winds and supernova explosions. 
Spectra of four H n regions were obtained by Skillman et 
al. (1989), from which an oxygen abundance was derived. 
The brightest H n regions of Sextans B were first cata- 
logued by Hodge ljT973|l . Strobel et al. ijTMTj) classified 
twelve H n regions, whereas oxygen abundance was de- 
rived for four H n regions by Skillman et al. (19821) ■ Note, 
however, that these spectroscopic studies were generally 
not deep enough (except for one or two objects) to allow 
direct measurement of the nebular electron temperature 
via detection of the [O in] 436.3 nm line, causing an im- 
portant source of uncertainty in the determination of their 
chemical abundances. 

Planetary nebulae (PNe) are known to be good trac- 
ers of intermediate-age stellar populations in galaxies. One 
PN was discovered in Sextans A by Jacoby & Lesser 
(|1981|1 . and then reidentified by Magrini et al. 1|2UU3|) . In 
Sextans B, five PNe are known (Magrini et al. l2~0"0l)) . To 
date, no spectroscopic studies were done of these PNe. 

As remarked by Mateo (1998) "No two LG dwarfs 
have the same star- formation history". This is true not 
only when comparing galaxies of different morphological 
type, luminosity, or mass, but also when comparing galax- 
ies which are very similar in many aspects, as these two 
dwarf irregulars. In fact, in spite of a probable common 
origin, Sextans A and Sextans B show a different star for- 
mation history as indicated by the different amounts of 
stars in the various evolutionary phases, and also reflected 



in the different number of PNe and H n regions observed. 
Sextans A possesses a conspicuous old stellar population 
(10-14 Gyrs ago) and shows evidence for recent star for- 
mation starting about 1-2 Gyrs ago, whereas the amount 
of star formation at intermediate ages (2-10 Gyrs ago) was 
modest (see also Dolphin et al. 2003). On the other hand, 
Sextans B exhibits a very strong star formation at recent 
and intermediate ages (1-4 Gyrs ago), together with a very 
old population (cf. Mateo 1998) . The different numbers of 
PNe, 5 in Sextans B vs. 1 in Sextans A, was interpreted 
by Magrini et al. (2002} to be consistent with the differ- 
ent star formation histories of the two galaxies for the age 
range covered by the PN progenitors, Sextans B showing 
a stronger star formation rate than Sextans A during the 
past 2-10 Gyrs. The different star formation history might 
imply a different chemistry. In this paper, we analyze the 
chemical content of Sextans A and Sextans B, presenting 
spectroscopic data of PNe, whose progenitors belong to 
old and intermediate age populations, and H II regions, 
representative of the youngest population. 



The paper is organized as follows. Sect [21 describes the 
observations and the data reduction. Sect presents the 
chemical abundances obtained for PNe and H II regions, 
and discusses the implications on the properties and evo- 
lution of the galaxies. In Sect0]the notable case of the PN 
in Sextans A is examined. The summary is in Scct[3 



Magrini et al.: PNe and H II regions in Sextans A and B 



3 



Table 1. The observed H II regions in Sextans A and 
Sextans B. The centres of the slits are reported. The 
adopted names of H n regions are from Hodge at al. ( 1994) 
for Sextans A and from Strobel et al. 1)1991) for Sextans B. 
The HII region not identified in previous works is labeled 
as H II H. 



Name 


RA 


Dec 




J2000.0 


Sextans A 






HKS2 


10:10:53.6 


-4:41:16.9 


HKS3 


10:10:53.8 


-4:41:57.2 


HKS7 


10:10:55.4 


-4:41:11.0 


HKS9 


10:10:57.0 


-4:40:30.6 


HKS14 


10:11:04.1 


-4:42:49.3 


HKS16 


10:11:05.6 


-4:42:31.5 


HKS19 


10:11:06.9 


-4:42:17.8 


HKS23 


10:11:09.2 


-4:40:53.2 


HKS24 


10:11:09.6 


-4:41:36.3 


Sextans B 






SHK1 


9:59:57.7 


5:19:36.7 


SHK2 


9:59:58.3 


5:19:46.3 


SHK3 


9:59:59.9 


5:20:17.4 


SHK5 


10:00:00.4 


5:20:25.2 


SHK7 


10:00:00.8 


5:19:38.3 


SHK6 


10:00:02.2 


5:19:44.8 


SHK10 


10:00:03.1 


5:20:31.8 


H n H 


10:00:05.3 


5:17:58.7 



2. Observations and data reduction 

All PNe known in these galaxies (1 in Sextans A and 5 
in Sextans B) and a sample of H II regions (9 and 8, re- 
spectively) have been observed in December 2003 with 
the 8.2 m VLT (ESO, Paranal) equipped with the FORS2 
spectrograph in multi-object spectroscopy (MOS) observ- 
ing mode. Pre-imaging, needed to create the MOS masks, 
was first obtained through an Ha filter (central wavelength 
656.3 nm, FWHM 6.1 nm) and a R filter (655/165.0 nm). 
The exposure times for each galaxy were 2x120 s in Ha 
and 2x10 s in R. In the continuum-subtracted Ha— R 
frames, emission-line objects were identified and their po- 
sition used to build two MOS masks, one per galaxy. 

Spectroscopy was then secured during four consecutive 
nights (22-25 December). The seeing during the observa- 
tions was 0".8. The MOS mask used to observe Sextans A 
contained 32 slits and the one for Sextans B 28 slits. The 
slits had a width of 0.8", while their length varied from 
3" to 25", according to the size of the object to be ob- 



served and to the crowding of the area of the galaxy. The 
slits corresponding to compact objects like PNe were ex- 
tended enough to include also some adjacent sky spec- 
trum. Several independent slits were used to obtain sky 
spectra to be subtracted from those of extended H II re- 
gions, which completely fill their slitlets. Spectra were ob- 
tained using FORS2 with the 300V and 3001 gratings, 
providing 'blue' and 'red' spectra with a total coverage 
from ^320.0 nm to ~1000.0 nm at a reciprocal disper- 
sion of 0.3 nm pix -1 and an effective resolution of 0.6 nm. 
For each galaxy, a total of eight exposures were taken: 
three with the 300V grating (total exposure time 5400 s), 
three using the 3001 one (3600 s), and also two short ex- 
posures for each grating (60 s) to avoid saturation of the 
most intense emission lines, as Ha and [O in] 500.7 nm. A 
spectrophotometric standard star, GD 108, was observed 
once in blue and red during two consecutive nights. The 
data were reduced using the IRAF LONGSLIT tasks and 
the MIDAS MOS and LONG packages. 

2.1. Images 

The Ha-R FORS2 images of Sextans A and Sextans B are 
shown in Fig. [TJ All PNe in Magrini et al. l|2UU21 12UU5|> 
were re-identified, together with a number of known HII 
regions. Compared to previous studies (Hodge et al.^994 
Strobel et al. I1991|) . several new unresolved Ha emission- 
line objects were found in both galaxies. When comparing 
their coordinates with the images in Magrini et al. (2002 
2003), no associated [O in] emission was found, and there- 
fore we do not consider them as new candidate PNe. We 
observed spectroscopically two of them, one in Sextans A 
and one in Sextans B, confirming that they are stars with 
a very strong Ha line in emission. A detailed analysis of 
these objects via colour-colour diagrams and spectroscopy 
will be presented in a forthcoming paper. 

In Fig. ^ all PNe and H II regions observed spectro- 
scopically are marked with their identification numbers as 
in Tab. \I\for H n regions and as in Magrini et al. (2002 
I2UU3|) for PNe. 

2.2. Spectra 

An important feature of this spectroscopic study is the ho- 
mogeneous set of observational data and analysis method 
used to measure chemical abundances for both PNe and 
H II regions. Furthermore, the VLT allows us to obtain 
spectra which are deep enough to measure most basic di- 
agnostic emission lines in spite of the significant distance 
of the galaxies. The electron temperature diagnostic [O in] 
436.3 was measured in all PNe, and in seven H II regions 
out of a sample of 17. In few other H II regions (four in 
Sextans A and one in Sextans B), an upper limit to the 
flux of the [O in] 436.3 line could be derived. The broad 
spectral coverage, from 320.0 to 1000.0 nm, allowed us the 
detection of many recombination (H I, He I, He n) and for- 
bidden lines of several ions of O ([O i], [O n], [O in]), S 
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Fig. 2. VLT spectrum of the planetary nebula in Sextans A. 



([S n], [S in]), Ar ([Ar in], [Ar iv]), Ne ([Ne in]), and N 
([N II]). Note that the [S in] lines at 906.9 and 953.2 nm 
are generally blended with saturated atmospheric absorp- 
tion features. In this case, the heliocentric velocities of 
both galaxies, 324 kms for Sextans A and 300 kms^ 1 for 
Sextans B, and the excellent sky transparency at these 
wavelength in Paranal, allowed us to use safely these lines 
to determine the S ++ abundances. 

The spectra of the PNe are presented in Figs. [3 and 
and those of H II regions in Figs. 0] El El and 
Identification of some emission lines is labeled. Note the 
large number of emission lines detected with a good sig- 
nal to noise ratio, and the relatively strong blue continuum 
emission visible in a number of H n regions, which is likely 
produced by the exciting stars. 

It should be noted that although the observations were 
carried out at relatively low airmasses, the slits were not 
aligned exactly to the parallactic angle at the time of 
the observations: for Sextans A the mean difference be- 
tween the parallactic angle and the position angle of the 
slits was 45° and the mean airmass was 1.15, while for 
Sextans B they were 35° and 1.25, respectively. This im- 
plies that, given the relatively narrow slit, some amount 



of light is lost especially in the blue end of the spectra 
due to differential atmospheric refraction. In order to es- 
timate these light-losses for point sources like PNe, we 
have calculated the displacement, as a function of wave- 
length, of the centroid of an object from the midpoint of 
the slit along the direction perpendicular to its length, 
using the figures in Filippenko (1982). In doing so, we 
consider that sources are well centred at Ha, which is the 
passband at which acquisition images were taken to centre 
objects in their slitlets for spectroscopy. We have then cal- 
culated the amount of light lost (relative to that at Ha) 
because of these displacements from the slit centre, as- 
suming a Gaussian point-spread functions with a FWHM 
which is the seeing of the observing night, and including 
seeing worsening toward bluer wavelengths. 

As expected, the differential light-losses are negligible 
in the red side of the spectra, while become as large as 75% 
for Sextans A, and 90% for Sex B, at the shortest wave- 
length that we consider, which is that of the [O n] 372.7 
doublet. At H7, they become as small as 20% and 25%, 
respectively. We have applied these correction factors to 
the fluxes of blue lines, and attached an associated error 
of one third of the correction factor, which is propagated 
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Fig. 3. VLT spectra of the five planetary nebulae in Sextans B. Identification numbers come from Magrini 



et al. 



in all quantities (ionic abundances, ionization correction 
factor) derived using the blue lines. Note that the correc- 
tion for the interstellar reddening applied to the spectra 
would by itself at least partially compensates for the at- 
mospheric refraction, by 'forcing' the Balmcr lines to have 
the theoretical unreddened flux ratios (although with an 
estimated extinction value eg larger than the real one). 
Thus for Sextans A the difference between the observed 
fluxes and the refraction corrected fluxes, both after the 
reddening correction, amounts to 50% at the wavelength of 
the [O n] 3727 doublet and negligible at H7 for Sextans A, 
and of 60% and 10%, respectively, for Sextans B. 

In addition, it is important to note that these quite 
large corrections at the bluest wavelengths do not affect 
significantly our chemical analysis. In fact, the oxygen to- 
tal and ionic abundances of the PNe where the [O 11] 372.7 
lines were measured change only by a factor much smaller 
than 0.1 dex, with respect to the values calculated us- 
ing the observed fluxes. Moreover, once the fluxes were 
corrected for the effect of the atmospheric refraction, we 
analyzed the differences of + /0 derived from either the 
[O 11] 372.7 or 733.0 lines, in those PNe which have both 
doublets measured. The differences resulted to be less than 



15%, which implies in the worst case, i.e. in the PN of 
Sextans A, a difference in the total oxygen abundance of 
only 0.05 dex. 

For extended objects like H 11 regions, the effect of at- 
mospheric dispersion is in principle more complex, because 
light is lost from one side of the slit but is "gained" from 
the other side. However, the extension of the spectra along 
the slit length does not show significant changes in surface 
brightness and excitation on scales of ~1.5 arcsec (after 
seeing convolution), which is the size of the displacement 
due to the atmospheric dispersion. Assuming that the HII 
regions are also similarly homogeneous in the direction 
perpendicular to the slit at these scales, then the effect of 
the atmospheric dispersion is negligible at all wavelengths, 
and therefore no corrections have been applied to the ob- 
served nebular spectra. 

Line fluxes and their errors are listed in Tables 
[5] and |SJ Errors include the contributions of back- 
ground noise, sky subtraction, and flux calibration 
uncertainties. In the case of PNe, errors include 
the correction for the atmospheric dispersion were 
applied; they range from 40% at 370 nm to less 
than 1% at 500 nm. 
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Fig. 4. VLT spectra of four H n regions in Sextans A. 



Finally, the observed line fluxes were corrected for the 
effect of interstellar extinction, adopting Mathis l|1990[) 
law with i?y=3.1. cp, which is the logarithmic difference 
between the observed and de-reddened H/3 fluxes, was de- 
termined comparing the observed Balmer I(Ha)/I(H/3) 
ratio with its theoretical value. For the spectra with 
the higher signal to noise ratio, we considered also the 
comparison between the observed and theoretical Balmer 
I(H/3)/I(H7) and I(H7)/I(H<5) ratios. In these cases cp is 
the weighted average of the three determinations. 



2.3. Radial velocities 

High-resolution spectroscopic data of three PNe 
of Sextans B were taken on April, 2002, with 
AF2/WYFFOS, a multi-object, wide field, fibre spec- 
trograph working at the prime focus of the 4.2 m WHT 
(La Palma). We used the Echelle grating with a central 
wavelength of 493.0 nm and a reciprocal dispersion of 
0.028 nm/pixel. The total exposure time was 5400 s. The 
reduction was done with the IRAF DOFIBER package. 



The high resolution WHT spectra allowed us to mea- 
sure the Doppler shift of the [O in] doublet lines, and in 
one case also of H/3, in three PNe of Sextans B, namely 
PN 1, PN 4 and PN 5. The heliocentric radial veloci- 
ties are listed in Tab|21 They are consistent, within the 
errors, with the heliocentric radial velocity of Sextans B 
(300 km/s from NED) and with the H I observations by 
Huchtmeier et al. (2003), confirming that the PNe belong 
indeed to the galaxy. 

3. Chemical abundances of planetary nebulae and 
H II regions 

3.1. ICF method 

Chemical abundances were derived from the spectra by 
means of Ionization Correction Factors (ICF) method, 
following Kingsburgh & Barlow (1994), with evaluation 
of the errors as in Corradi et al. |1W7|) and Perinotto 

mm 



& Corradi ©98). As mentioned above, the [O in] 436.3 
emission line was always measurable in all PNe with a suf- 
ficiently high signal to noise ratio, thus their [O in] elec- 
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Fig. 5. VLT spectra of another five H n regions in Sextans A. 



tron temperature, T e [o in], could be determined. These 
are listed in Tab. |2 their high values are typical of low- 
metallicity PNe (c.f. Stasinska I2UU2|| . The [O ill] 436.3 
line was also measured in four H II regions of Sextans A 
and in three H II regions of Sextans B, while its upper 
limit was estimated in four H II regions of Sextans A and 
one of Sextans B. Another temperature diagnostic line, 
[N n] 575.5 nm line, was observed in the PN of Sextans A, 
and a corresponding electron temperature T 6 [n ii] was de- 
termined. In this object, T e [ mi was used in computing 
chemical abundances with the ICF method for ions which 
are ionized twice or more times, and T e [ N n i for species 
only ionized once. The large difference between T e [o in] 
and T e [ N n ] is typical of high excitation PNe and it was 
also found in several Galactic PNe (i.e. McKenna et al. 
1996). Kingsburgh & Barlow l|1994fl examined how the 
ratio between T e [o in] and T 6 [n n] behaves with nebular 
excitation, plotting this ratio versus the He n 4686 flux. 
They found a linear relation between these two quantities, 
as expressed in eq. 3 of their paper. The PN of Sextans A, 



which is a very high excitation object, follows this rela- 
tionship. 

The [S in] near-infrared emission lines were detected 
in 4 PNe and 12 H II regions. These lines allow a better 
accuracy in the measurement of sulphur abundance, espe- 
cially at low metallicities where [S n] lines are extremely 
faint. 

The ICF method was applied to the whole sample of 
PNe and to H n regions where T e [o in] was measured. 
Formal errors on the ICF abundances were computed tak- 
ing into account the uncertainties in the observed fluxes 
and in the electron temperatures. A discussion of the 
error propagation computed with the ICF method 
is in Corradi et al. ([1997). 

3.2. Modelling with CLOUDY 

PNe and H II regions were also modelled using the pho- 
toionization code CLOUDY 94.00 (Ferland et al. HH!§, 
assuming a blackbody central star with effective tem- 
perature derived using the Ambartsumian's (1932} or 
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Fig. 6. VLT spectra of four H n regions in Sextans B. 



Gurzadyan's (1988) methods, and a spherical nebula with 
constant density. Density was derived from the [S n] 
671.7/673.1 flux ratio, which was measured in all H II re- 
gions and in the PN of Sextans A. For PNe in Sextans B, it 
was assumed equal to 3000 cm~ 3 , which can be considered 
a typical value for Galactic PNe (sec e.g. Stanghcllini & 
Kaler lTffiffijl . In addition, we made some tests varying the 
density of ±1000 cm" 3 with both the ICF and CLOUDY 
methods, obtaining negligible changes in the computed 
abundances. 

In the model, we include dust typical of Galactic PNe 
and of the Orion nebula, for PNe and H II regions, re- 
spectively. The accuracy of the CLOUDY method was 
tested in Magrini et al. (2004), who applied it to seven 
bright Galactic PNe using only the emission lines typi- 
cally present in extragalactic PN spectra, and compared 
the results with the chemical abundances obtained with 
the ICF method by KB94. A good agreement was found 
in the helium and metals abundances. For further details 
on the modelling procedure see Magrini et al. (|2()04f) and 
Perinotto et al. (|2()()4a[> . 



3.3. Results 

The chemical abundances derived for the current sample 
with the ICF and CLOUDY methods are in general agree- 
ment with each other, showing the following r.m.s. differ- 
ences in both galaxies: ±0.01 for He/H (linear), ±0.15 dex 
for N/H, ±0.1 dex for O/H, ±0.1 dex for Ne/H, ±0.1 dex 
for S/H,± 0.1 dex for Ar/H for both PNe and H II regions. 

The total and ionic abundances, and the ICF of PNe 
and H II regions are reported in Tab. 01 and |SJ The to- 
tal abundances for the whole sample of objects computed 
with both methods, and their mean values are shown in 
Tab. El for PNe and in Tab. El and for H II regions. H II 
regions where only the CLOUDY method was applied be- 
cause of the absence of a reliable determination of the elec- 
tron temperature are marked with a "*" in Tab. [H] and [5J 
For Sextans B PN 3, ICF(N) and ICF(S) were not com- 
puted because the [O n] lines needed to compute them 
were not detected, and thus for these elements only the 
results from CLOUDY are quoted. 

In the case of H II regions, the ICF of He does not take 
into account the neutral helium, which might be a consid- 
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Fig. 7. VLT spectra of another four H n regions in Sextans B. 



erable fraction of the total helium abundance. However, 
for the H n regions where T e [ nil was measured, and 
therefore where the abundances with the ICF method were 
computed (HKS3, HKS7, HKS9, HKS14 of Sextans A and 
SHK1, SHK2, SHK5 of Sextans B), the comparison be- 
tween the results of ICF and CLOUDY methods shows 
that the mean contribution of neutral helium is smaller 
than 20%. This relatively small contribution makes unno- 
ticeable the difference between the two results within our 
present errors. 

According to the definition by Kingsburgh & Barlow 
(1994) for Galactic PNe, the PN in Sextans A would 



be classified as a type I PNe in the Peimbert scheme 
(log(N/O)>-0.1), while all PNe in Sextans B would be 
non-Type I. However, it is clear that this distinction is 
hardly applicable to extragalactic PNe, which span a much 
larger range of metallicities. 

The modelling with CLOUDY also allowed us to esti- 
mate some stellar parameters as the luminosity and tem- 
perature of the exciting stars, as described by Magrini et 
al. E.004 . We remind briefly how T* and L* were 



computed in the modelling with CLOUDY. The 
luminosity of the central star was set to repro- 
duce the observed absolute flux of the [O in] A5007 
nebular line, measured by Magrini et al. (2002, 
2003) via aperture photometry, and reddening- 
corrected, while the BB T* was set to match the 
He i/He n line ratio. 

Using these parameters, the PNe were located in 
the logT*-logL* diagram and compared with the avail- 
able H-burning and He-burning evolutionary tracks for 
Z=0.004 from Vassiliadis & Wood (|1994[) . as shown in 
Fig. |B] The obtained T* and log(L*/L ) are re- 
ported in Table [7| Typical errors obtained with 
the CLOUDY modelling are of the order of 0.15 
for logT* and of 0.25 for logL*. 

The mass of the core of the PN in Sextans A is dis- 
tinctively larger than for the PNe in Sextans B, and 
would imply a progenitor initial mass of ^2-3.5Mq, using 
the initial-to-final mass relation adopted by Vassiliadis & 
Wood (1994). The relatively large mass of the progenitor 
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Table 2. Observed line fluxes F\ of PNe in Sextans A and Sextans B, on a scale where F(H/3)=100.0, and after 
correcting for atmospheric dispersion effects. ':' indicates uncertain values, and '<' upper limits. Associated errors are 
described in the text. Some nebular quantities are also reported: eg, the electron density and temperatures T e ([0 III]) 
and T e ([N n]), and the heliocentric radial velocity of three PNe where it was measured. 



Ion 


SexA-PN 


SexB-PNl 


ScxB-PN2 


ScxB-PN3 


ScxB-PN4 


ScxB-PN5 


C/3 


0.10±0.01 


0.10±0.02 


0.02±0.02 


0.13±0.01 


0.17±0.03 


0.22±0.01 


N e (cm~ 3 ) 


2700±100 












T c ([0 in]) (K) 


22300±1000 


12800±2000 


16000±3000 


20000±2000 


11300±3000 


12800±1000 


T C ([N n]) (K) 


13400±500 












V (km/s) 


- 


310±15 


- 


- 


310±15 


310±15 


S72 7 TO nl 


176. ±70 


18: 








21. ±10 


383 5 HQ 


8. ±4 




8. ±6 


11. ±6 






386.8 [Ne in] 


19. ±6 


38. ±10 


28. ±7 


55. ±5 


43. ±7 


93. ±5 


388.9 He I H8 


28. ±5 


16. ±8 


21. ±6 


32. ±5 


24. ±5 


16. ±4 


396 7 \~No ml H7 

JiJU. 1 11 1 1111, ±± i 


27. ±3 


29. ±7 


22. ±7 


29. ±4 


37. ±5 


46. ±3 


410.1 Hi5 


31. ±2 


25. ±7 


19. ±6 


26. ±4 


26. ±7 


23. ±3 


434.0 H7 


48. ±2 


48. ±4 


45. ±4 


51. ±3 


51. ± 


45. ±1.6 


436 3 TO ml 

tiJU. j 1 v_y 11 11 


23. ±2 


8. ±4 


13. ±4 


16. ±4 


7. ±5 


11. ±1.9 


447.1 He 1 


1.3±1 


5. ±4 


9. ±3 


4. ±2 




5. ±2 


468.6 He n 


51. ±2 


<1 


<3 


<2 




6. ±2 


471.2 He i,[Ar iv] 








2.±1 






474.0 [Ar iv] 








3. ±2 






486.1 H/3 


100.il 


100. ±4 


100. ±4 


100. ±1.5 


100. ±5 


100. ±2 


^LmJiJ . & 1 11 11 


206. ±1 


202. ±3 


190. ±4 


182. ±1.6 


256. ±3 


316. ±1.8 




611. ±1 


590. ±2 


570. ±3 


474. ±1 


798. ±3 


940. ±1.5 


590 TN t1 


38. ±1 












541.1 He 11 


4.2±1 












575 5 TN tt! 
ij t ij .ij iii 111 


24. ±1 












587 6 Hp t 


8.±1 


16. ±2 


17. ±5 


15. ±1 


15. ±3 


22. ±2 


630 TO t1 

UOU.U 1 V^/ 11 


71. ±1 


3. ±2 


3.±1 








636 3 TO t1 


24. ±1 












654 8 TN tt! 

UUt.O 111 111 


291. ±1. 












656.3 Hq 


306. ±1.5 


302. ±2 


290. ±3 


312. ±1.3 


321. ±3 


332. ±1.3 


R^S 4 TN tt! 


OOO . ± . O 


2- 


7. 


6 ±1 8 


4. ±3 


12 ±1 2 


667.8 He I 


3. ±1.6 


3. ±2 


3. ±1.5 


4.±1 




3. ±1.5 


671.7 [S 11] 


5. ±1.6 












673.1 [S 11] 


8. ±1.5 












706.5 He 1 


4.±1.6 


6. ±3 




10. ±4 


4. ±2 


3. ±1.5 


713.5 [Ar in] 


3. ±3 






3. ±2 






728.1 He 1 


2. ±2 












732.5 [O 11] 


28. ±2 


5. ±3 


7.±3 




11. ±2 




906.9 [S in] 


7.±3 








2. ±2 




953.2 [S 111] 


19. ±2 






5: 


5: 


17: 



is also typical of type I Galactic PNe (Corradi & Schwarz 

The PNe of Sextans B can be instead associated with 
less massive cores. Among them, PN 5 seems to have the 
most massive one. Note, however, that the metallicity of 
Sextans A and Sextans B, 0.001 and 0.002, respectively, 
is significantly lower than for the models of Vassiliadis & 
Wood (1994), and therefore evolutionary tracks for such 
low metallicities would be needed for a deeper analysis. 
^Frorn Fig. 00 and the initial to final mass relationship 
used by Vassiliadis & Wood (1994), we find that the cen- 



tral stars of Sex B PNe had initial masses between 0.9 
and 1.5Mq. Stars with these masses and with an initial 
metallicity Z=0.001 were born between about 10 and 2 
Gyr ago (cf. Charbonnel et al. 19991 1199l)j) . As the mean 
oxygen abundance of PNe in Sextans B is equal, within 
the errors, to that of H 11 regions, this would mean that no 
noticeable chemical enrichment has occurred in the galaxy 
since long time ago. 



Magrini et al.: PNe and H II regions in Sextans A and B 



11 



Table 3. Observed line fluxes Fj, on a scale where F(H/3)=100.0, and nebular parameters of the H n regions in 
Sextans A and Sextans B. Symbols are as in Tab. 1. 



Sex A 


HSK2 


HSK3 


HSK7 


HSK9 


HSK14 


HSK16 


HSK19 


HSK23 


HSK24 


iff 


0.0±0.01 


0.23±0.01 


0.13±0.01 


0.0±0.01 


0.05±0.02 


0.14±0.01 


0.05±0.01 


0.21±0.01 


0.0±0.02 


N e (cm- 3 ) 


100±100 


200±10C) 


<100 


400±200 


<100 


<100 


<100 


<100 


100±100 


T e ([0 III]) (K) 


<12000 


13000±3000 


17000±4000 


14000: 


14000±1000 


< 14000 


< 13000 




<13000 



Ion 



372.7 [O n] 240. ±10 126. ±10 205. ±10 145. ±9 145. ±16 213. ±10 179. ±8 194. ±8 160. ±10 



386.8 [Ne III] 


11. ±5 


15. ±8 


8. ±6 


10. ±6 


28. ±8 


8. ±5 


15. ±5 


5. ±3 


22. ±8 


388.9 Ho I, H8 


- 


- 


9. ±5 


15. ±5 


21. ±7 


15. ±5 


8. ±4 


10. ±3 


18. ±7 


396.7 [No III], H7 


- 


_ 


14. ±3 


10: 


- 


20. ±4 


17. ±3 


9. ±2 


20. ±8 


410.1 Hi 


24. ±3 


20. ±5 


25. ±3 


22. ±3 


26. ±3 


21. ±2 


25. ±2 


25. ±2 


28. ±8 


434.0 H7 


42. ±2 


35. ±2 


46. ±3 


41. ±3 


47. ±3 


46. ±2 


42. ±2 


43. ±2 


47.±5 


436.3 [O III] 


<1 


2±2 


3±3 


2. ±3 


6. ±3 


<1 


<1 




<1 


468.6 He II 


<1 


<1 


<1 


<1 


3: 


6: 


<1 


<1 


<1 


486.1 H/3 


100. ±2 


100. ±2 


100. ±2 


100. ±2 


100. ±3 


100. ±2 


100. ±1 


100. ±2 


100. ±3 


495.9 [O III] 


27.±2 


57.±2 


39. ±2 


31. ±2 


115. ±3 


22. ±2 


24. ±1 


5. ±3 


25. ±3 


500.7 [O in] 


84. ±2 


159. ±2 


120. ±2 


94. ±2 


340. ±3 


65. ±2 


72. ±1.5 


15. ±2 


75. ±3 


587.6 He I 




7.±2 


10. ±2 


4. ±2 












630.0 [O 1] 










8. ±2 










656.3 Ha 


281. ±2 


335. ±2 


312. ±2 


281. ±2 


295. ±3 


314. ±2 


295. ±3 


329. ±2 


281. ±3 


658.4 [N 11] 


7.±2 


9. ±3 


9. ±2 


11. ±2 


7. ±3 


8. ±2 


10. ±3 


13. ±2 


10. ±3 


671.7 [S 11] 


18. ±2 


16. ±3 


17. ±2 


17. ±2 


17. ±3 


24. ±2 


26. ±2 


22. ±2 


26. ±3 


673.1 [S 11] 


14. ±2 


13. ±3 


11. ±2 


15. ±2 


11. ±3 


16. ±2 


16. ±2 


14. ±2 


20. ±3 


713.5 [Ar III] 


4. ±2 


5. ±3 


5. ±2 


3. ±2 


3. ±3 


6. ±2 


2. ±2 


2. ±2 


l.±3 


732.5 [O 11] 




13. ±3 


8. ±2 




14. ±3 






8. ±2 




906.9 [S III] 


5. ±2 


18. ±3 


16. ±3 


7.±5 


8. ±2 


20. ±3 




8. ±2 




953.2 [S III] 


14. ±2 


50. ±3 


42. ±5 


18. ±5 














SexB 


SHK1 


SHK2 


SHK3 


SHK5 


SHK6 


SHK7 


SHK10 


H 11 H 






0.0±0.02 


0.13±0.01 


0.30±0.05 


0.16±0.01 


0.30±0.03 


0.12±0.02 


0.29±0.01 


0.15±0.01 




N c (cm~ 3 ) 


<100 


200±100 


<100 


<100 


<100 


300±100 


<100 


<100 




T e ([0 III]) (K) 


13000: 


15000: 




12000±2000 








< 17000 




Ion 

372.7 [O 11] 


181. ±7 


350. ±4 


390. ±30 


182. ±8 


210. ±40 


324. ±10 


413. ±6 


292. ±7 




386.8 [Ne III] 


9. ±3 


29. ±3 




17. ±4 






7. ±3 


9. ±3 




388.9 He I, H8 


8. ±2 


26. ±2 




14. ±3 






23. ±2 


11. ±3 




396.7 [Ne III], H7 


10. ±2 


27.±1 




20. ±2 






20. ±2 


12. ±3 




410.1 Hi 


13. ±2 


34. ±1 




22. ±2 






30. ±2 


19. ±2 




434.0 H7 


27.±2 


53. ±1 




38. ±2 






47. ±2 


40. ±2 




436.3 [O III] 


2. ±2 


3. ±2 




3. ±2 








<1 




468.6 He II 


<1 


<1 




<1 




<1 


<1 






486.1 H/3 


100. ±3 


100. ±0.5 


100. ±9 


100. ±2 


100. ±5 


100. ±4 


100. ±1 


100. ±1 




495.9 [O in] 


50. ±3 


55. ±0.5 


17. ±7 


86. ±2 


35. ±5 


12. ±4 


9.±1 


15. ±1 




500.7 [O III] 


147.±3 


148. ±0.5 


52. ±7 


264. ±2 


113. ±5 


30. ±4 


23. ±1 


38. ±1 




587.6 He I 




16. ±0.5 




5.± 








7.±1 




656.3 Ha 


272. ± 


312. ±0.5 


351. ±4 


319. ±1.5 


351. ±8 


310. ±2 


350. ±0.5 


316. ±1 




658.4 [N 11] 


5. ±2 


15. ±0.5 


25. ±4 


8.±1 


28. ±7 


23. ±2 


22. ±1 


10. ±1 




667.8 He I 




5. .±0.5 
















671.7 [S 11] 


15. ±2 


27.±1 


59. ±4 


21. ±2 


75. ±8 


29. ±3 


33. ±1 


22. ±1 




673.1 [S 11] 


9. ±2 


22. ±1 


43. ±4 


15. ±2 


53. ±8 


24. ±3 


21. ±1 


16. ±1 




706.5 He I 




4.±1 
















713.5 [Ar III] 


4. ±2 


12. ±1 




2. ±2 




6. ±3 


5.±1 


2.±1 




732.5 [O 11] 




13. ±1 




9. ±2 






12. ±2 


9.±1 




906.9 [S III] 


10. ±3 


16. ±1 




18. ±2 






12. ±2 


8. ±2 




953.2 [S III] 


24. ±3 


41. ±1 




43. ±2 






36. ±2 


21. ±2 





3.4. Comparison with previous determinations of 
chemical abundances 

In Sextans A, Skillman et al. I|1989[) observed spectro- 
scopically four H II regions, deriving 12 + logO/H=7.49. 



The same spectroscopic data were used by Richer & 
McCall ifT^I to recalculate 12 + logO/H=7.55±0.11 
and by Pilyugin (20(n} who obtained through the P- 
method CPilvuein I2UUU|) 12 + logO/H=7.7. An analy- 
sis of supergiant stars by Kaufer et al. (|2004[l derived 
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Table 4. Total and ionic chemical abundances, and ionization correction factors of Sextans A and Sextans B PNe, 
computed with the ICF method. 





SpyA-PN 


SpxR-PN1 


SpxR-PN9 


SpxR-PN3 


SpxR-PN4 


SpxR-PN5 


He+/H+xl0 2 


3.6±1.1 


9.8±1.5 


9.3±1.5 


7.4±1.5 


9.4±1.3 


12.8±2. 


He ++ /H+xl0 2 


4.8±0.5 


0.09±0.05 


0.3±0.1 


0.2±0.1 


0.1±0.1 


0.5±0.1 


He/HxlO 2 


8.4±1.6 


9.9±1.5 


9.6±1.6 


7.6±1.6 


0.95±1.4 


13.3±2.1 


N°/H+xl0 5 


3.9± 1.2 


- 


- 


- 


- 


- 


N+/H+X10 5 


7.1± 0.9 


0.008: 


0.003: 


0.03±0.01 


0.015±0.01 


0.04±0.02 


ICF(N) 


3.0 


72. 


19. 


- 


45. 


130. 


N/HxlO 5 


22. ±10. 


0.5: 


0.5: 


>0.03 


0.7±0.5 


5.±3. 


O°/H+xl0 5 


5.2±1.1 


0.06±0.01 


0.07±0.01 


- 


- 


- 


O+/H+X10 5 


4.3±1.6 


0.13±0.30 


0.27±0.30 


- 


0.4±0.9 


0.1±0.2 


O ++ /H+xl0 5 


3.2±0.3 


9.4±3.6 


4.8±3.5 


3.4±1.9 


17.3±4. 


15.9±4. 


ICF(O) 


1.7 


1.0 


1.0 


1.0 


1.0 


1.0 


O/HxlO 5 


13.0±3.7 


9.6±3.7 


5.2±3.9 


3.5±2.4 


17.8±5. 


16.4±5. 


Ne ++ /H + xl0 6 


9.2±3.1 


150.±80. 


55.±30. 


80.±60. 


30.±10. 


45. ±20. 


ICF(Ne) 


4.1 


1.0 


1.1 


1.0 


1.0 


1.0 


Ne/HxlO 5 


0.38±0.20 


1.6±1.2 


0.6±0.3 


0.8±0.6 


3.±1. 


5.±3. 


S+/H+X10 7 


2.3±0.8 


- 


- 


- 


- 


- 


S++/H+X10 7 


3.9±0.8 


- 


- 


0.8±0.8 


0.9±0.8 


2.5±1. 


ICF(S) 


1.1 


- 


- 




2.5 


3.5 


S/HxlO 7 


7.0±1.9 






>0.8 


2.±1. 


9.±3. 


Ar ++ /H + xl0 8 


9.1±8.7 






19.±10. 






Ar +++ /H+xl0 8 








16.±10. 






ICF(Ar) 


1.9 






1.3 






Ar/HxlO 7 


1.7±1.7 






5. ±4. 







Table 7. T* and L* of the PNe in Sextans A 
and Sextans B as derived with the modelling with 
CLOUDY. 



Galaxy 


Name 


T* (K) 


log(L»/L ) 


Sextans A 


PN 


194000 


3.9 


Sextans B 


PN1 


61000 


3.5 




PN2 


78000 


3.3 




PN3 


72000 


3.5 




PN4 


65000 


3.2 




PN5 


90000 


3.6 



a total metallicity which is 1.09 dex lower than solar. 
A red giants metallicity [Fe/H]=-1.9±0.4 was derived by 
Grebel (|2TjUU|) . Dolphin et al. (jM^j) found through model- 
ing of the color-magnitude diagram a mean metallicity of 
[M/H]^-1.4. These values are in good agreement with 12 
+ logO/H=7.6±0.2, the average oxygen abundance de- 
rived from our observations of nine H n regions, corre- 
sponding approximately to [Fe/H]=-1.6. The transforma- 
tion from [O/H] to [Fe/H] needed to compare our nebular 
oxygen abundances with the stellar abundances was com- 
puted according to the empirical transformation by Mateo 
(1998). We used the solar abundances from Grevesse & 
Sauval (1998) to derive [O/H] from the measured 12 + 
logO/H. The oxygen abundance of the PN in Sextans A is 
significantly higher (12 + logO/H=8.0±0.1), and will be 
discussed in Sect0] 

In Sextans B, the observations by Skillman et al. 
(1989 ) of four H n regions gave 12 + logO/H=7.56, while 
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Table 5. Total and ionic chemical abundances, and ionization correction factors of Sextans A and Sextans B H II 
regions, computed with the ICF method. 





11-LvOO 


11IVO 1 




HKS14 




SHK2 




He+/H+xl0 2 


5.0±1.0 


7.8±1.2 


3.0±0.5 






12.3±2. 


3.5±1.0 


TT -J--I- /TT-I- H „ 9 

He ++ /H+xlO 


0.09±0.01 


0.09±0.01 


0.09±0.01 


0.3±0.1 


0.09±0.01 


0.08±0.01 


0.5±0.2 


He/HxlO 2 


5.1±1.0 


7.9±1.2 


3.1±0.5 






12.4±2. 


4. Oil. 2 


N+/H+X10 7 


2.9±0.4 


3.3±0.5 


4.4±0.7 


2.7±0.4 


2.0±0.3 


6.0±0.1 


2.7±0.4 


ICF(N) 


5.5 


2.4 


2.6 


7.2 


4.7 


2.8 


8.7 


N/HxlO 7 


15.7±3.0 


7.9±2.0 


12.0±4.0 


20.±7.0 


9.5±3.5 


17.±5. 


24.±8. 


O°/H+xl0 5 


- 


- 


- 


0.2±0.1 


- 


- 


- 


O+/H+X10 5 


0.6±0.1 


0.7±0.1 


0.5±0.1 


0.6±0.1 


0.6±0.1 


1.0±0.1 


0.7±0.1 


O++/H+X10 5 


2.7±0.9 


0.8±0.3 


0.9±0.3 


3.8±1.3 


2.3±0.8 


1.8±0.6 


4.3±1.5 


ICF(O) 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


1.0 


O/HxlO 5 


3.3±1.0 


1.5±0.4 


1.4±0.4 


4.5±1.5 


3.0±0.9 


2.8±0.7 


5.0±1.6 


Ne ++ /H + xl0 6 


7.0±2.0 


1.4±0.5 


2.1±0.8 


7.7±2.7 


3.5±1.3 


7.5±2.7 


8.1±2.9 


ICF(Ne) 


1.2 


1.7 


1.7 


1.2 


1.3 


1.6 


1.2 


Ne/HxlO 5 


9.0±5.0 


2.4±1.3 


3.5±1.9 


8.9±5.0 


4.4±2.6 


1.8±0.6 


9.5±5.0 


S+/H+X10 7 


1.4±0.2 


1.5±0.2 


2.0±0.3 


1.6±0.2 


1.3± 0.1 


3.0±0.5 


1.80±0.2 


S++/H+X10 7 


6.0±1.0 


6.0±1.7 


3.2±0.9 


3.5±0.9 


4.9± 1.2 


7.5±2. 


6.50±1.6 


ICF(S) 


1.3 


1.1 


1.1 


1.4 


1.25 


1.1 


1.5 


S/HxlO 7 


9.2±2.0 


8.0±2.0 


5.7±1.3 


7.2±1.6 


7.8± 1.9 


11.6±3. 


12.2±3. 


Ar++/H+xl0 7 


1.0±0.3 


0.7±0.2 


0.8±0.2 


0.8±0.2 


1.1± 0.3 


3.2± 0.4 


0.5±0.1 


ICF(Ar) 


1.9 


1.9 


1.9 


1.9 


1.9 


1.9 


1.9 


Ar/HxlO 7 


1.9±0.7 


1.2±0.5 


1.5±0.5 


1.5±0.5 


2.1±0.7 


5.9± 2. 


0.9±0.3 



Moles et al. (19905 measured 12 + logO/H=8.1 in a single 
H II region. Pilyugin l|2001[l recalculated both abundances 
obtaining 12 + logO/H=7.85 and 7.87, respectively. The 
average oxygen abundance derived in this paper with eight 
H II regions is 7.8±0.2 and from five PNe is 8.0±0.3, thus 
in agreement with Moles et al. (1990 ) and Pilyugin (2001). 

A recent very work about spectroscopy of H n regions 
and PNe of Sextans A and Sextans B is by Kniazev et 
al. ( 2005 The authors derived chemical abundances of the 
PN and of three H n regions in Sextans A, and of one 
PN (PN3) and three H n regions in Sextans B with the 
ICF method. In Sextans A, they found an oxygen abun- 
dance of 8.02±0.05 in the PN and 7.54±0.06 in three H n 
regions, that, we did not observe. These H II regions be- 
long to the same complex of HSK14, HSK16, and HSK19, 
for which we derived a mean 12 + logO/H=7.65±0.1. In 
PN3 of Sextans B they derived 12 + logO/H=7.47±0.16, 
in agreement with our value 7. 5 ±0.2. They also observed 
the same H II regions for which we derived chemical abun- 
dances with the ICF method, SHK1, SHK2, SHK5, find- 



ing 12 + logO/H 7.50±0.08, 7.55±0.06, 7.84±0.05, respec- 
tively. These values are similar to our ICF determinations: 
7.5±0.1, 7.5±0.1, 7.7±0.1. 

3.5. Relationships between chemical abundances 

The relation between He/H and N/O is shown in Fig. [9] 
where the observed chemical abundances of PNe are com- 
pared with new models by Marigo (2004, private com- 
munication) built for initial metallicities Z=0.001 and 
Z=0.004. Both models predict, for a progenitor mass be- 
low 3M Q , an enhancement of O/H compared to N/H, 
producing a N/O abundance ratio decreasing with He/H. 
At even higher mass progenitors, N/O increases quickly 
and significantly as the result of hot-bottom burning. The 
abundance of the PN of Sextans A is in good agreement 
with the model Z=0.001 and an initial mass around 4M Q . 
Four of Sextans B PNe match within 1-1. 5cr with the same 
model, Z=0.001, and masses between 0.55 and 3 M©; one 
of them, PN 5, is in better agreement with the model 
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Table 6. Total chemical abundances of Sextans A and Sextans B PNe computed with both ICF and CLOUDY 
methods. We also report the unweigthed average of the two results. Metal abundances are expressed in 12+log(X/H). 



Name 


He/H 


N/H 


O/H 


Ne/H 


S/H 


Ar/H 


SexA-PN 














ICF 


0.084L0.016 


8.35L0.2 


8.1L0.1 


6.6L0.2 


5.8L0.1 


5.2L0.4 


CLOUDY 


0.095L0.02 


8.4L0.2 


8.0L0.1 


6.7L0.2 


5.9L0.2 


5.2L0.2 


Average 


0.09L0.02 


8.4L0.2 


8.0L0.1 


6.7L0.2 


5.9L0.2 


5.2L0.3 


SexB-PNl 














ICF 


0.099L0.015 


6.7: 


8.0L0.15 


7.2L0.3 






CLOUDY 


0.10L0.02 


6.6: 


8.1L0.3 


7.3L0.3 






Average 


0.10L0.02 


6.6: 


8.1L0.2 


7.3L0.3 






SexB-PN2 














ICF 


0.096±0.016 


6.7: 


7.7L0.3 


6.8L0.2 






CLOUDY 


0.11L0.02 


6.6: 


8.0L0.2 


7.0L0.3 






Average 


0.10±0.02 


6.6: 


7.8±0.2 


6.9±0.3 






SexB-PN3 














ICF 


0.076L0.016 


>5.5f 


7.5L0.3 


6.9L0.3 


>4.9f 


5.7L0.2 


CLOUDY 


0.09L0.02 


6.5L0.3 


7.6L0.2 


7.1L0.2 


5.2: 


5.5L0.2 


Average 


0.08L0.02 


6.5±0.3 


7.5L0.2 


7.0L0.2 


5.2: 


5.6±0.2 


SexB-PN4 














ICF 


0.095±0.014 


6.8L0.3 


8.3L0.1 


7.4L0.1 


5.3L0.2 




CLOUDY 


0.09L0.02 


6.3L0.3 


8.2L0.2 


7.4L0.2 


5.2L0.2 


5.1: 


Average 


0.09±0.02 


6.5L0.3 


8.2L0.2 


7.4L0.2 


5.2L0.2 


5.1: 


bexrS-rJNo 














ICF 


0.13L0.02 


7.5L0.3 


8.2L0.1 


7.6L0.2 


5.4L0.2 




CLOUDY 


0.13L0.02 


7.0L0.3 


8.2L0.2 


7.6L0.2 


5.7L0.2 




Average 


0.13L0.02 


7.3L0.3 


8.2L0.1 


7.6L0.2 


5.5L0.2 




Average Sextans B 


0.10L0.02 


6.8L0.6 


8.0L0.3 


7.3L0.3 


5.3L0.4 





with Z=0.004 and a progenitor with initial mass of about 
1.5M Q , in agreement with the result obtained with the 
evolutionary tracks (Fig. |HJ . Note however that the mean 
metallicity of Sextans B is Z=0.002. 

Fig 1 101 shows the relationship between N/O and N/H 
for PNe in several nearby galaxies. This relation is well 
defined for PNe with a slope near to unity, suggesting 
that the increase of N/O with N/H is due to the increase 
of N, without modifying the oxygen abundance through 
the ON cycle. Theoretical predictions of N/O vs N/H for 
different masses of the progenitor stars and metallicity 
(Groenewegen & de Jong 1994 for the LMC metallicity, 
and Marigo EOnil for Z=0.004) are also shown. The the- 
oretical predictions of Groenewegen & de Jong {1994), 
shown by the solid line in Fig llOl and of Marigo (|2001), 
the dashed line, do not extend to the low metallicities of 



Sextans A and Sextans B. Because of it, we can only say 
that models, in particular those of Marigo, (20(fTJ pre- 
dict the deviation from the linear relationship of Henry 
(1989) that the observations of PNe in Sextans B and 
in the Magellanic Clouds suggest at the lowest metallici- 
ties. From the figure there is no indication of oxygen en- 
richment for PNe with low metallicity and very low mass 
progenitors (M<1.3 M Q ), as also predicted by theoretical 
models of Marigo ( 2O0lJ ■ The location n the diagram of 
the Sextans A PN is a clear indication of a large nitrogen 
production, as expected from its higher mass progenitor, 
while oxygen production is not evident from this diagram. 

Fig. ^2 presents the relation between O/H and Ne/H. 
It is usually believed that the progenitors of PNe do not 
produce significant amount of oxygen and neon during 
their lifetime. In fact, the abundances of these two ele- 
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Fig. 8. H-burning (dashed lines) and He-burning (con- 
tinuous line) evolutionary tracks for metallicity Z=0.004 
from Vassiliadis & Wood ( 1994). Final mass of the central 
star are quoted close to the corresponding track. Large 
symbols (circles) correspond to Sextans B PNe and the 
small one (square) indicates the Sextans A PN. 




log (He/H) 

Fig. 9. Relationship between He/H and N/O. The solid 
line is the stellar model for the progenitor by Marigo 
(2004) for Z=0.001 and the dashed line for Z=0.004. 
Values of the initial masses are indicated. Full circles corre- 
spond to Sextans B PNe and the diamond is the Sextans A 
PN. PNe with uncertain N/H determination are marked 
with dot-dashed error bars. 



ments seem to vary in lockstep, where the slope of the 
log-log relation is very close to unity (cf . Henry I1989|l . 
This behaviour is essentially the same for H n regions and 
it seems independent of the host galaxy. In Fig. the 
solid line is the fit built with a sample of 157 PNe in the 
Galaxy, LMC, SMC and M 31 taken from Henry (QUI- 
The dotted lines are placed at a distance of ±lcr from the 
fit, and the dashed lines at ±3cr, where er=0.1 dex. The 
PNe and the H n regions of Sextans A and Sextans B 
appear to follow the "universal" relation. 

3.6. The distribution of chemical abundances within 
the galaxy 

As star formation in dwarf irregular galaxies is thought 
to be episodic, and the solid-body nature of the rota- 
tion inhibits efficient mixing, it is plausible that there are 
large abundance variations in different regions of a galaxy 
(Skillman et al. 1989). However, in several dwarf and low- 
mass galaxies it has been found that the O/H abundance 
appears surprisingly homogeneous. There are several ex- 
planations which can be considered, as described, for ex- 
ample, by Kobulnicky ( 1993- This is true also in the case 
of Sextans A and Sextans B. The abundance of their best 
measured element, oxygen, has a low scatter in H n re- 
gions: the average value is 7.6±0.2 for Sextans A and 



7.8±0.2 for Sextans B, being, therefore, consistent within 
errors with an uniform distribution. 

Another aspect to be considered is the so called " abun- 
dance gap" , which is the difference between the abun- 
dances of H II regions and PNe (cf. Richer et al. Q|997). 
Generally H II regions have larger O/H than PNe, be- 
cause they belong to a younger population than the PN 
progenitors, which are not considered to produce large 
amount of oxygen, unless under "special" circumstances 
(see Sect.0}. From the models of Richer et al. I|1997ll . this 
gap is expected to be as large as 0.2 or 0.3 dex, but it is 
a function of the metallicity and of the chemical history 
of the galaxy. Both in Sextans A and Sextans B this gap 
does not seem to be present (for Sextans A, we consid- 
ered Ne/H instead of the oxygen abundance, which might 
be enhanced during the evolution of the progenitor of the 
PN, see discussion in Sect.0J. For Sextans A, its PN has 
a young, relatively massive progenitor and thus it is not 
surprising that it has abundances similar to those of H n 
regions. 

For Sextans B, the old ages of the PNe progenitors esti- 
mated in sect. 3.3, together with their homogeneous abun- 
dances, would indicate a very low chemical enrichment of 
the galaxy during a long period of time till the present. 
Determining with more accuracy the length of this period 
of low chemical enrichment (5-10 Gyrs?) is prevented by 
the significant uncertainties and approximations done in 
deriving the ages of the PN progenitors. 
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Table 8. The chemical abundances of H n regions in Sextans A. Where the electron temperature is measured, values 
derived with both the CLOUDY and the ICF methods are indicated. In the remaining cases, marked with a "*", only 
the determinations done with CLOUDY are listed. In computing the average abundances, upper limits of individual 
determinations are not considered. 



Name He/H N/H O/H Ne/H S/H Ar/H 



HKS2* 



CLOUDY 


<0.05 


6.1±0.3 


7.7±0.2 


6.7±0.2 


6.1±0.2 


5.3±0.3 


HKS3 














ICF 


0.05L0.01 


6.2±0.1 


7.5±0.1 


6.9±0.2 


6.0±0.1 


5.3±0.1 


CLOUDY 


0.05±0.02 


6.3±0.3 


7.6L0.2 


6.6L0.3 


6.1±0.2 


5.3±0.3 


Average 


0.05L0.02 


6.2±0.2 


7.5±0.1 


6.7±0.2 


6.0±0.2 


5.3±0.2 


HKS7 














ICF 


0.08L0.01 


5.9±0.2 


7.2±0.2 


6.4±0.2 


5.9±0.1 


5.1L0.3 


CLOUDY 


0.07±0.02 


6.2±0.3 


7.6±0.2 


6.6±0.3 


6.0±0.2 


5.4±0.3 


Average 


0.07L0.02 


6.1L0.3 


7.4±0.2 


6.5±0.2 


6.0L0.2 


5.3±0.3 


HKS9 














ICF 


0.03L0.01 


6.1±0.2 


7.2L0.2 


6.5±0.2 


5.8±0.1 


5.2±0.3 


r^T /~\TTT— »A7 

CLOUD Y 


(J.03±U.U2 


6.5±0.3 


7.3L0.2 


6.5L0.3 


5.8L0.2 


5.1±0.3 


Average 


U.U3±0.U2 


6.3L0.2 


7.2L0.1 


6.5±0.2 


5.8L0.2 


5.1±0.3 


HKS14 














ICF 




6.3±0.2 


7.7L0.1 


7.0L0.2 


5.9L0.2 


5.2L0.3 


CLOUDY 


<0.05 


6.3L0.3 


7.9L0.2 


7.0L0.3 


6.1L0.2 


5.2L0.3 


Average 


<0.05 


6.3±0.3 


7.8L0.1 


7.0L0.2 


6.0±0.2 


5.2±0.3 


HKS16* 














CLOUDY 


<0.05 


6.0±0.3 


7.7±0.2 


6.4L0.2 


6.0L0.2 


5.5L0.3 


HKS19* 














CLOUDY 


<0.05 


6.2±0.3 


7.6±0.2 


6.9±0.2 


6.2L0.2 


5.0±0.3 


HKS23* 














CLOUDY 


<0.05 


6.2±0.3 


7.7±0.2 


6.7L0.2 


5.8±0.2 


5.0±0.3 


HKS24* 














CLOUDY 


<0.05 


6.3±0.3 


7.6L0.2 


7.1L0.2 


6.3L0.2 


4.7L0.3 


Average values 


0.05L0.02 


6.2L0.1 


7.6L0.2 


6.8L0.3 


6.0L0.2 


5.2L0.2 



The average O/H abundances of HII regions in 
Sextans A and Sextans B are slightly different (7.6±0.2 
vs. and 7.8±0.2, respectively), but they are within the 
errors and computed dispersion, and therefore no clear in- 
dication of a different chemical history can be drawn. In 
fact, as Sextans A and Sextans B have approximately the 
same V-luminosity and the same morphological type, con- 
sidering the well known linear relationship between the 
metallicity and the luminosity of galaxies (see Pilyugin 
2001), they are expected to have the same O/H, within 
the dispersion of the empirical relationship. So the similar 



O/H abundances, in spite of quite different SFHs, seem 
to confirm that galaxies with a similar luminosity have 
similar metallicity and that the luminosity-metallicity re- 
lationship represents the ability of a given galaxy to keep 
the products of its own evolution rather than its ability to 
produce metals (Larson 

4. The peculiar PN of Sextans A 

The PN of Sextans A shows significant N/H and O/H 
overabundances with respect to the H II regions. N/H is 
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Table 9. The same as in Table GO but for Sextans B. 



Name 


He/H 


N/H 


O/H 


Ne/H 


S/H 


Ar/H 


CTITT^I 

orilvl 














1 V I 




« n+n 9 


7 K+n 1 


« fi+o 9 


c; q+n o 


c Q+n 9 


v 1 A../ U ]_J I 




ft. 1 +0 Q 


7 fi+n i 


ft c:+n Q 


ft. 0+0 9 


^ q+o q 


A lrc^v) (TO 
rVVcI dftc 




ft 0+0 9 


7 ft+0 1 


ft c+n o 


c; q+o 4 


c; Q+o Q 


OUl/O 














TOP 1 


n 1 O-L-0 09 

U . _L j£_I_U .UZi 


6.2+0.2 


7 "i+O 1 


7 0+0 9 


6.2+0.2 


e; e+o 9 


PT OTIITV 


n 1 1 no 

U . _L _L XU .U^ 


ft 4+0 o, 


7 7+n 1 


7 0+0 q 


6.2+0.2 


e; s+o Q 


A irpvtl D"P 
i \ v c±. ate 


n 1 1 +n 09 


6.3+0.2 


7.6+0.1 


7.0+0.2 


6.2+0.2 


5.8+0.3 


oni\o 














PT OTTTYV 

V 1 -/ V. y U 1_J 1 


o^ 


ft 7+0 ^ 


8 0+0 9 




ft 7+0 9 




















n n4+0 01 


ft 4+0 9 


7 7+n 1 


7 0+0 9 


ft 0+0 9 


4 Q+O 9 


CLOUDY 

V ' 1 j V../ V . J ' 1 


fl 04+0 02 


6.3+0.3 


7.7+0.1 


7.0+0.3 


6.1+0.2 


5.0+0.3 


A vprfi o'p 
rV vcl cig^c 


04+0 09 


6.3+0.2 


7.7+0.1 


7.0+0.2 


6.0+0.2 


5.0+0.3 


SHK7* 














V ' 1 -j V../ 1 - / J- 


<0.05 


6.4+0.3 


7.7+0.2 




6.1+0.2 


5.5+0.3 
















CLOUDY 


<0.05 


6.6+0.3 


7.8+0.2 




6.6+0.2 




SHK10* 














CLOUDY 


<0.05 


6.4+0.3 


8.1+0.2 


7.0+0.2 


6.0+0.2 


5.5+0.3 


H nH* 














CLOUDY 


0.05±0.02 


6.1+0.3 


7.8+0.2 


6.9+0.3 


6.0+0.2 


5.0+0.3 


Average values 


0.07±0.04 


6.4+0.2 


7.8+0.2 


7.0+0.2 


6.1+0.5 


5.5+0.4 



generally enhanced in PNe by nucleosynthesis processes 
in the progenitor star. The large amount of N/H in this 
PN can be explained, as for Type I PN in the Galaxy 
(Corradi & Schwarz [1995(1 . by a relatively high mass pro- 
genitor which produces and dredges-up nitrogen. On the 
other hand, the abundances of neon, sulphur, and argon, 
which are not expected to be varied by nucleosynthesis, 
are similar, within errors, to the average values of H n re- 
gions (or slightly lower, consistently with the fact the PN 
belongs to a slightly older stellar population). 

The overabundance of oxygen is more difficult to un- 
derstand. As noted in Sect. 13.61 the O/H abundance of the 
H II regions studied in Sextans A has a low dispersion, in- 
dicating that there is today an homogeneous distribution 
of elements in the galaxy. These data, however, do not al- 
low us to exclude the existence of a metallicity gradient 
through Sextans A, because the H n regions are located 
roughly in a ring, and there are no data for the central 
region where the PN is located (it should also be remem- 



bered that the PN progenitor may have been migrated 
from its original place of birth). Existing information from 
the literature appears contradictory, as while the three A- 
type supergiant stars located over a length of 0.8 kpc stud- 
ied by Kaufcr ct al. ( 2004) have uniform Fe/H abundances, 
other stars show a larger r.m.s scatter in metallicity at all 
ages (up to 0.4 dex for intermediate mass stars, Dolphin et 
al. 120031 or for red giant branch stars, Grebel et al. 2003 ) . 
However, the hypothesis that the progenitor of the PN 
has formed in a region of Sextans A with locally enhanced 
metallicity seems to be ruled out (or at least weakened) 
by the fact that only O/H is significantly higher than in 
HII regions, while the abundance of other elements which 
do not vary during stellar evolution of the PN progenitor, 
like sulphur, argon, and neon, are all very similar to those 
of the H II regions. 

An alternative, interesting explanation is that O/H 
surface enrichment occurred during the evolution of the 
PN progenitor. This was first suggested by Leisy et al. 
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Fig. 10. Relationship between N/O and N/H for PNc. 
The central dot-dashed line is the fit from Henry {1990) 
using a sample of PNe of the Galaxy, LMC, SMC and 
M31. The external dot-dashed lines are placed at a dis- 
tance of ±3er from the fit, where <r=0.1 dex. The solid 
line is the model for LMC by Groenewegen & de Jong 
(1994) built for the LMC metallicity and several initial 
masses. The top-right point of the curve corresponds to a 
model with an initial mass of 8.5 M Q , the first change of 
slope with 2 M , and the last point (bottom-left) is for 
0.93 M Q . The dashed line is the model for Z=0.004 and 
initial masses from 0.8 (left) to 5 (right) M© by Marigo 
(2001). Observed abundances are from: Galaxy (Perinotto 
et al.EOnH; LMC and SMC (Leisy et al., in prep.); M31 
(Jacoby & Ciardullo GUI; M 33 (Magrini et al. OUUljl ; 
Sextans A and Sextans B (this work). PNe of Sextans B 
with uncertain N/H determination are marked with dot- 
dashed error bars. 



(2002$ for several PNe in the Magellanic Clouds and in- 
terpreted as a consequence of a dredge-up that depends on 
the metallicity of the PN progenitor and enriches of oxy- 
gen its surface. Indeed, contrary to "classical" stellar evo- 
lution theories, recent semi-analytical models do predict 
O enrichment by core processed material brought to the 
surface by the third dredge- up (cf. Marigo F2001I Herwig 
E001J- In the model of Marigo l|2001[) . the O production 
depends on several parameters: the metallicity (increasing 
at low metallicities), the mixing length, and the number of 
dredge-up episodes (which also increases at low metallici- 
ties because of the larger duration of the AGB phase) . At a 
given progenitor mass of 2M Q , Marigo ( 2001 ) found an in- 
crease of the total oxygen stellar yield of a factor 10, when 
lowering the initial metallicity from solar to Z=0.004. The 
oxygen enrichment becomes important only for progen- 




12 + log (O/H) 

Fig. 11. Relationship between Ne/H and O/H. The solid 
line is the fit built by Henry (1989). The dotted lines are 
placed at a distance of ±lcr from the fit, and the dashed 
lines at ±3cr, where c=0.1 dex as indicated by Henry[l989 
Only H II regions with T e measured are reported. 



itors with M>1.3M©. In a recent paper, Herwig (2004) 
computed intermediate mass (from 2 to 6 M Q ) stellar evo- 
lution tracks from the main sequence to the tip of the 
AGB for starts with extremely low metallicities, namely 
Z=0.0001. These models predict that oxygen is enhanced 
in the envelopes of low metallicity AGB stars by the third 
dredge-up. The new model of Marigo (2004, private com- 
munication), built for an initial metallicity Z=0.001 (that 
of Sextans A), also predicts that the third dredge- up pro- 
duces some oxygen enrichment, as seen by the slight de- 
creasing trend of N/O with increasing Hc/H in FigEl In 
particular, for a PN with a progenitor of about 3.5 M© and 
an initial metallicity of Z=0.001, Marigo (2004) found that 
hot bottom burning and third dredge-up are present. The 
production of oxygen is essentially due to the third dredge- 
up and it amounts to about 0.4 dex, in (surprisingly good) 
agreement with the difference found between the PN and 
the H II regions of Sextans A. Concluding, our observa- 
tions of the PN in Sextans A support the possibility that 
a significant oxygen surface enrichment can occur during 
the evolution of highest mass PN progenitors born in low 
metallicity environments. This potentially important re- 
sult is nevertheless based on the only known example of a 
PN with a high mass progenitor belonging to such a low 
metallicity galaxy as Sextans A. Confirming this results is 
an important objective of future observational research in 
the field. 
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5. Summary 

In this paper we presented an homogeneous spectroscopic 
study of ionized nebulae (H n regions and PNe) rep- 
resentative of populations of different ages, in the two 
low-metallicity, dwarf irregular galaxies Sextans A and 
Sextans B. Our main results are: 

i) we have computed, via ICF and CLOUDY model- 
ing, helium, nitrogen, oxygen, neon, argon, and sulphur 
abundances both in H n regions and PNe. In particu- 
larly, the element with the most accurate determina- 
tion, oxygen, has the same average value, within the 
errors, in the PNe and H n regions of Sextans B: 12 + 
log(O/H)=8.0±0.3 and 7.8±0.2, respectively, indicat- 
ing a very low metal enrichment during a significant 
fraction of the galaxy lifetime. For the H II regions 
of Sextans A we obtained 12 + log(O/H)=7.6±0.2, 
whereas it is 0.4 dex larger for the only PN known 
there; 

ii) the dispersion of O /H in Sextans A and Sextans B 
H II regions has a r.m.s. scatter of 0.2 dex, which is 
consistent, within the errors, with an uniform distri- 
bution; 

Hi) the oxygen overabundance of the PN in Sextans A 
with respect to HII regions might indicate an efficient 
third dredge-up for massive, low-metallicity PN pro- 
genitors as predicted by models of Marigo ( 2001 , 2004) . 
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